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SUMMARY 
The hydrogen-air i g n i t i o n  tq rch  descr ibed i n  t h i s  r e p o r t  has been suc- 
c e s s f u l l y  used f o r  many years t o  burn o f f  excess hydrogen t h a t  accumulates i n  
the  scrubber exhaust ducts o f  two rocket engine t e s t  f a c i l i t i e s .  
s imple t o  operate, inexpensive, and has demonstrated very good r e l i a b i l i t y .  
Burning o f f  excess hydrogen has proven t o  be more economical than the  carbon 
d i o x i d e  i n e r t i o n  technique t h a t  was used a t  these f a c i l i t i e s  i n  previous years. 
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INTRODUCTION 
This  document descr ibes the  background, app l i ca t i on ,  and opera t ion  o f  a 
hydrogen-air  i g n i t i o n  t o r c h  being used a t  the  NASA Lewis Research Center i n  
rocke t  engine exhaust ducts t o  burn o f f  excess hydrogen which accumulates 
du r ing  h o t  f i r i n g  tes ts .  
BACKGROUND 
I n  t h e  l a t e  1950's and e a r l y  1960's, personnel a t  the  Lewis Research 
Center began t e s t i n g  hydrogen-oxygen rocket  engines. 
a t  t h e  Combustlon Research Laboratory (CRL) and l a t e r  a t  t h e  l a r g e r  Rocket 
Engine Test F a c t l i t y  (RETF). Both f a c i l i t i e s ,  which a r e  s t i l l  i n  opera t ion  
today, have a scrubber duc t  i n t o  which t h e  rocket  engines exhaust. 
hydrogen-oxygen rocket  engines operate a t  l ess  than a s to i ch iomet r i c  m ix tu re  
r a t i o ;  t h e  products o f  combustion conta in  excess hydrogen which can accumulate 
i n  t h e  scrubber duct  and detonate. To prevent an explos ion o f  t h i s  excess 
hydrogen, CRL personnel i n i t i a l l y  i ne r ted  t h e i r  scrubber duct  w i t h  l a r g e  
amounts o f  carbon d iox ide .  Although i t  was d i f f i c u l t  t o  keep the  carbon 
d i o x i d e  i n  the  duct,  t h i s  technique worked reasonably w e l l  and was the stand- 
a rd  opera t ing  procedure f o r  many years. When t e s t l n g  began a t  RETF i n  the  
e a r l y  1960's, t h i s  same i n e r t i o n  technique was used b u t  i t  proved t o  be expen- 
s i v e  and too  cumbersome f o r  the accelerated t e s t  schedule o f  t he  f a c i l i t y ,  so 
a new technique was developed. A hydrogen-air i g n i t i o n  t o r c h  was designed I n  
1968 and i n s t a l l e d  a t  several  places i n  the  scrubber duct.  The p lan  was t o  
p rov ide  m u l t i p l e  i g n i t i o n  sources throughout t h e  duc t  t o  burn o f f  t h e  excess 
hydrogen before i t  could accumulate and detonate. 
w e l l  and i s  s t i l l  being used today a t  both the  CRL and RETF f a c l l i t i e s .  
I n i t i a l  t e s t i n g  was done 
Since a l l  
This technique worked q u i t e  
APPLICATION 
A t  t he  Rocket Engine Test F a c i l i t y ,  which i s  descr ibed i n  ( r e f .  1). 
rocke t  engines being tes ted  f i r e  v e r t i c a l l y  downward i n t o  a scrubber duc t  which 
mu f f l es  the  engine noise, cools  the  exhaust products,  and exhausts them t o  the  
atmosphere ( f i g .  1 ) .  This duct  conta ins water spray bars j u s t  downstream of 
t h e  rocket  engine as w e l l  as i n  the  ho r i zon ta l  and v e r t i c a l  sect ions and I t  
has a t o t a l  o f  seven hydrogen-air i g n i t i o n  torches i n s t a l l e d  t o  burn o f f  t he  
excess hydrogen. A t  the Combustion Research Laboratory,  which i s  descr ibed i n  
( r e f .  2), rocke t  engines being tes ted  f i r e  h o r i z o n t a l l y  i n t o  a s i m i l a r  duc t  
( f i g .  2 ) .  Due t o  t h e  smal ler  t h r u s t  l e v e l  o f  rocke t  engines being tes ted  a t  
t h i s  f a c i l i t y ,  no coo l i ng  wa te r ' l s  used and on ly  th ree  hydrogen-air i g n i t i o n  
torches are  i n s t a l l e d  t o  burn o f f  t he  excess hydrogen. 
TEST FACILITY OPERATION 
A t  both f a c i l i t i e s ,  the hydrogen-air i g n i t i o n  torches a r e  l i t  a t  the  
s t a r t  of t he  t e s t  f i r i n g  day and s tay l i t  u n t i l  a l l  t e s t i n g  i s  complete. 
The i r  operat  on i s  cons tan t ly  monitored by f a c i l i t y  personnel .  
torches used and t h e i r  placement i n  the  scrubber duct  was a f u n c t i o n  o f  t he  
s p e c i f i c  app i ca t ton .  D i r e c t  impingement on the  water spray was avoided and 
t h e  torches were placed where I t was assumed the  hydrogen was most l i k e l y  t o  
accumulate. I f  mtnor detonat ions were experienced du r ing  a t e s t  f i r i n g ,  
e f f o r t s  were made t o  determine where they took p lace  and a d d i t i o n a l  torches 
were i n s t a l l e d  t o  e l im ina te  the  problem. The torches have demonstrated very 
good r e l i a b i l i t y .  The o r i g i n a l  s e t  o f  torches operated f o r  1 5  years be fore  
they were replaced w i t h  a new s e t  and there  were on ly  th ree  o r  f o u r  occasions 
du r ing  t h i s  t ime per iod  when a t o r c h  went out  and had t o  be r e l i t  du r ing  a 
t e s t  f i r i n g  day. 
The number o f  
ECONOMIC CONSIDERATIONS 
The Rocket Engine Test F a c i l i t y  has averaged over th ree  t e s t  f i r i n g  days 
per  week s ince t h i s  f a c i l i t y  became opera t iona l .  
i n e r t i o n  technique was being used, i t  was no t  unusual t o  use over 12 tons o f  
carbon d iox ide  i n  one t e s t  f i r i n g  day a t  a cost  o f  $128 per  ton. I t  took over 
an hour t o  i n e r t  the scrubber exhaust duct  a t  t he  s t a r t  o f  the t e s t  f i r i n g  
day, r e - i n e r t i o n  was requ i red  dur ing  t e s t i n g ,  and an hour was requ i red  t o  blow 
ou t  t h e  carbon d iox ide  a t  t he  end o f  the  day. When the  hydrogen-air i g n i t i o n  
torches were i n s t a l l e d ,  RETF personnel could t u r n  them on and o f f  i n  a mat te r  
o f  minutes and the cos t  o f  the  hydrogen and a i r  used du r ing  ij t e s t  f i r i n g  day 
was n e g l i g i b l e .  
When the  carbon d iox ide  
HYDROGEN-AIR I G N I T I O N  TORCH DESCRIPTION 
The schematic shown i n  F igure 3 shows the  bas ic  opera t ion  o f  t h i s  to rch .  A 
c e n t r a l  compressed a i r  source i s  regulated down t o  50 p s i g  and in t roduced i n t o  
t h e  1- in .  diameter tube through the  0.062 in.-diameter o r i f i c e  t o  p rov ide  a 
f l o w  r a t e  o f  0.0037 lb /s .  Gaseous hydrogen i s  regu la ted  down t o  40 p s i g  and 
i s  in t roduced i n t o  the 1/4- in.  diameter tube through the  0.052-in. diameter 
o r i f i c e  t o  provide a f l o w  r a t e  o f  0.0006 lb / s .  The compressed a i r  and 
2 
gaseous hydrogen come f rom f a c i  11 t y  storage vessels exposed t o  ou ts ide  temper- 
a tu res  and no at tempt i s  made t o  cond i t i on  the  temperature o f  these gases. An 
18MM spark p l u g  i s  threaded i n t o  the  boss on the  s ide  o f  t he  t o r c h  t o  p rov ide  
t h e  i g n i t i o n  spark. i t  i s  exc i ted  by a s imple i g n i t i o n  t ransformer,  120 V rms 
secondary, constant  duty.  
achieve i g n i t i o n  and then i s  turned o f f .  To g i ve  constant  assurance t h a t  t he  
t o r c h  i s  l it, two Type K, open b a l l ,  Chromel-Alumel thermocouples a r e  spot- 
welded t o  t h e  e x i t  end o f  t he  t o r c h  t o  moni tor  t he  a i r  temperature near the  
flame. The t o r c h  operates a t  a mix ture r a t i o  of 6.1 and t h e  f lame e x i t s  the  
t o r c h  a t  subsonic v e l o c i t i e s .  Construct ion o f  t he  t o r c h  i s  shown i n  
f i g u r e  4. Since the  t o r c h  i s  subjected t o  an ou ts ide  environment, t he  
m a t e r i a l  used i s  304 s ta in less  i t e e l .  
a l l o w  t h e  compressed a i r  t o  cool  t he  i nne r  tube be fore  mix ing  w i t h  t h e  gaseous 
hydrogen. 
rod, and p l a t e .  
i n s t a l l e d .  
The spark p lug  i s  exc i ted  o n l y  long enough t o  
A double-tube design was chosen t o  
The welded design u t i l i z e d  low-cost and read i l y -ava i l ab le  tube, 
F igure 5 shows a p i c t u r e  o f  t he  t o r c h  w i t h  the  thermocouples 
CONCLUSION 
The hydrogen-air i g n i t i o n  to rch  has been used f o r  18 years a t  t h e  Combus- 
t i o n  Research Laboratory and Rocket Engine Test F a c i l i t y  t o  s a f e l y  burn o f f  
excess hydrogen accumulation i n  t h e  exhaust scrubber ducts.  The t o r c h  i s  
s imple t o  operate, inexpensive, and has demonstrated very good r e l i a b i l i t y .  
The use o f  these torches toeburn o f f  t h e  excess hydrogen has proven t o  be more 
economical than the  carbon d iox ide  i n e r t i o n  technique o r i g i n a l l y  used a t  these 
f a c i l i t i e s .  
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FIGURE 4.- HYDROGEN-AIR TORCH ASSEMBLY. 
FIGURE 5. - HYDROGEN-AIR IGNITION TORCH. 
I. Report No. 
NASA TM-88882 
7. Author@) 
George A. Repas 
2. Government Accession No. 
9. Performing Organlzation Name and Address 
Nat iona l  Aeronautics and Space Admin is t ra t ion  
Lewis Research Center 
Cleveland, Ohio 44135 
Nat iona l  Aeronautics and Space Admin is t ra t ion  
Washington, D.C. 20546 
2. Sponsoring Agency Name and Address 
age) 21. No. of pages 
i f i e d  
3. Recipient's Catalog No. 
22. Prlce' 
5. Report Date 
November 1986 
6. Performing Organization Code 
506-42-1 1 
8. Performing Organization Report No. 
E-3290 
9. Securlty Classlf. (of this report) 
Unc lass i f i ed  
IO. Work Unit No. 
20. Security Classif. (of thia 
Unclas 
11. Contract or Grant No. 
13. Type of Report and Period Covered 
Technical  Memorandum 
14. Sponsoring Agency Code 
5. Supplementary Notes 
6. Abstract 
This r e p o r t  descr ibes the  design and operat ion o f  a hydrogen-air i g n i t i o n  t o r c h  
p resen t l y  being used t o  burn o f f  excess hydrogen t h a t  accumulates i n  the  scrubber 
exhaust ducts  o f  two rocket  engine t e s t  f a c i l i t i e s  a t  t he  NASA Lewis Research 
Center i n  Cleveland, Ohio. 
7. Key Words (Suggested by Author@)) 
Torch 
Hydrogen-ai r 
18. Distribution Statement 
i m i  t ed  Unc lass i f i ed  - un 
STAR Category 1 4  
*For sale by the National Technical Information Service, Springfield, Virginia 221 61 
~ ~~~~~ ~~ 
